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Abstract Herbivores and pathogens with acute host
speciWcity may promote high tree diversity in tropical for-
ests by causing distance- and density-dependent mortality
of seedlings, but evidence is scarce. Although Lepidoptera
larvae are the most abundant and host-speciWc guild of
herbivores in these forests, their impact upon seedling
distributions remains largely unknown. A Wrm test of the
mechanism underpinning the Janzen–Connell hypothesis is
diYcult, even for a single tree species, because it requires
more than just manipulating seeds and seedlings and
recording their fates. Experimental tests require: (1) an
insect herbivore that is identiWed and highly specialised, (2)
linkage to an in situ measure (or prevention) of herbivory,
and (3) evaluation and conWrmation among many conspeciWc
adult trees across years. Here we present experimental evi-
dence for a spatially explicit interaction between newly
germinating seedlings of a Neotropical emergent tree, big-
leaf mahogany (Swietenia macrophylla, Meliaceae), and
caterpillars of a noctuid moth (Steniscadia poliophaea). In
the understory of a southeastern Amazon forest, the propor-
tion of attacks, leaf area lost, and seedling mortality due to
this specialised herbivore peaked near Swietenia trees, but
declined signiWcantly with increasing distance from mature
fruiting trees, as predicted by the Janzen–Connell hypothesis.
We conclude that long-distance dispersal events (>50 m)
provided an early survival advantage for Swietenia seedlings,
and propose that the role of larval Lepidoptera as Janzen–
Connell vectors may be underappreciated in tropical forests.
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Introduction
Up to several hundred tree species can inhabit a single hect-
are of primary forest in the tropics (Richards 1996; Turner
2001). Several ecological processes—not one alone—likely
enable so many species to co-exist (reviewed by Wright
2002), but these are likely to vary in their relative impor-
tance within and across diVerent forests. Natural enemies of
plants are thought to play an important role in maintaining
this extraordinary diversity by disproportionately attacking
young conspeciWc trees where they are aggregated, thereby
freeing up space and resources for other tree species
(Janzen 1970; Connell 1971; the Janzen–Connell
hypothesis). Because most seeds land beneath the parent
Communicated by Jacqui ShykoV.
J. M. Norghauer · J. R. Malcolm
Faculty of Forestry, University of Toronto, 
Earth Sciences Building, 33 Willcocks Street, 
Toronto, ON M5S 3B3, Canada
J. R. Malcolm
e-mail: jay.malcolm@utoronto.ca
J. Grogan
Yale University School of Forestry and Environmental Studies, 
360 Prospect Street, New Haven, CT 06511, USA
e-mail: jgrogan@crocker.com
J. M. FelWli
Departamento de Engenharia Florestal, Universidade de Brasília, 
CP 04357, Brasília, DF 70919-970, Brazil
e-mail: felfili@unb.br
Present Address:
J. M. Norghauer (&)
Institute of Plant Sciences, University of Bern, 
21 Altenbergrain, 3013 Bern, Switzerland
e-mail: julian.norghauer@ips.unibe.ch; 
jules.norghauer@utoronto.ca123
406 Oecologia (2010) 162:405–412tree, long-distance seed dispersal by wind or animals may
help some propagules become locally rare enough to evade
lethal attacks from herbivores or pathogens (Ridley 1930).
Although there is ample evidence of increased recruitment
away from conspeciWc trees, far less attention has been paid
to its causes (reviewed by Carson et al. 2008).
Negative density dependence in tree growth and mortal-
ity rates is a spatially explicit process that has received
increasing support from large, pan-tropical forest dynamics
plots (reviewed by Zimmerman et al. 2008). This support,
however, is largely limited to individuals >1 cm diameter,
and thus overlooks the smallest stem classes, which are the
most abundant and vulnerable to death (but see Webb and
Peart 1999; Harms et al. 2000). Although consistent with
the Janzen–Connell hypothesis, these studies do not
directly test its underlying mechanism because suspected
biotic agents have not been identiWed and their speciWc
roles in reducing recruitment have not been elucidated.
Moreover, how strongly herbivores and pathogens exert a
diversity-promoting eVect via intraspeciWc density-depen-
dent mortality rests heavily on two key life history charac-
teristics: having a very narrow diet breadth, and being
common in forests (reviewed by Freckleton and Lewis
2006; Carson et al. 2008).
The most abundant herbivores in tropical forests are lar-
vae of butterXies and moths (Lepidoptera), the majority of
which feed upon one or a few closely related tree species
within a genus (Janzen 1981, 1988; Barone 1998; Novotny
et al. 2002, 2004; Dyer et al. 2007). By virtue of their abun-
dance and relatively high degree of host specialisation, one
might expect caterpillars to strongly inXuence seedling and
sapling distribution patterns, especially during the vital
seed-to-seedling stage of development when trees are suc-
culent, abundant and most vulnerable to death (Ridley
1930; Richards 1996; Turner 2001). And yet, to our knowl-
edge, no caterpillar has been shown to attack and kill newly
germinated seedlings close to parent trees in natural forests
in the context of the Janzen–Connell hypothesis.
In this study we experimentally tested the prediction that
new seedlings emerging from seeds farther from mature
trees are more likely to escape lethal attack by a caterpillar
than seedlings establishing closer to parent trees. In the
state of Pará, Brazil the wind-dispersed canopy-emergent
tree big-leaf mahogany, Swietenia macrophylla King
(Meliaceae), is the only known host plant of a tiny pale
grey moth, Steniscadia poliophaea Hampson (Noctuidae:
Sarrothripinae). The moth’s larval instars feed on expanding
meristematic tissues—new leaves, leaf rachi, and stems—
of mahogany seedlings and small saplings and appear
to be absent in crowns of Swietenia adult trees (Grogan
2001; Norghauer et al. 2006a, 2008). This research was
prompted by preliminary studies indicating higher seedling
recruitment rates far from fruiting Swietenia trees, a pattern
whose cause was unknown but was speculated to be the
result of S. poliophaea herbivory (Grogan and Galvão
2006a; Norghauer et al. 2006b).
Materials and methods
Study species
Mahogany seeds are relatively large (mean = 0.35 g dry
weight), winged, and wind dispersed in the dry season. In
southeast Pará, dry season winds blow most seeds west-
northwest of parent trees, with median dispersal distances
of 28 m and 9 m on west and east sides of trees, respec-
tively. Nearly 100% of seeds fall within 100 m in an area of
0.91 ha surrounding the parent tree, though extreme long-
distance dispersal beyond 350 m has been observed
(Grogan and Galvão 2006a). Seeds have no long-term
dormancy mechanisms (Lamb 1966), with moisture avail-
ability associated with the onset of the rainy season during
October-November triggering germination (Morris et al.
2000). Newly established seedlings are 15–20 cm tall with
two pairs of simple leaves (Fig. 1a). After initial leaves
mature, established seedlings typically Xush leaves after
2–3 months depending on light conditions. Seedlings can
resprout after breakage or extensive defoliation, though
understory light levels are too low to power a full recovery.
First instar Steniscadia poliophaea emerge from tiny
disc-shaped eggs (1–2 mm diameter) laid on the underside
of expanding initial seedling leaves. The pale yellow cater-
pillars feed voraciously for 5–10 days, causing characteris-
tic patterns of leaf damage (Fig. 1a,b). Each instar phase
turns deeper yellow; the Wnal instar is ca. 2 cm in length
and sports a halo of Wne hairs (Fig. 1d). S. poliophaea cater-
pillars preferentially feed on immature mahogany leaves;
they have not been observed on other tree species under
natural conditions nor do they accept meristematic tissues
from other species under controlled conditions. After
caterpillars pupate, adult moths emerge from the cocoons
after 10–11 days. The entire egg-to-moth transformation
requires 18–22 days (Grogan 2001).
It is important to distinguish S. poliophaea from the bet-
ter-known Hypsipyla grandella and Hypsipyla robusta
shoot-boring caterpillars that attack large saplings and
poles of Swietenia and other juvenile Meliaceae trees
across the tropics (Mayhew and Newton 1998; Nair 2007).
While H. grandella is undoubtedly a pervasive pest in
Neotropical plantations, to the best of our knowledge its
distance- and/or density-dependent eVect on Swietenia
growth and mortality in natural populations has not been
reported [but see Sullivan (2003) for the tree Tabebuia
ochracea (Bignoniaceae)]. The forestry literature regarding
H. grandella is largely anecdotal and focused on plantation123
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diVerent from species-rich primary and secondary forests
(Nair 2007).
Study site
We conducted our study in the Kayapó Indigenous Terri-
tory, Pará, Brazil, where an 8,000-ha reserve (hereafter
referred to as “Pinkaití”) protects a natural population of
Swietenia macrophylla trees (Swietenia hereon). This forest
is semi-evergreen, unlogged, and experiences relatively
little hunting pressure. Yearly rainfall can vary from 1,500
to 2,100 mm, concentrated in September–May with virtually
no rainfall during the dry season months (June–August;
Grogan and Galvão 2006b).
Seed sowing
We maintained a Wxed seed density (5 seeds m¡2) in our
experimental plots. This density is representative of natural
seed densities observed on the ground beneath tree crowns
during typical fruiting years. While low compared to seed
densities occasionally observed beneath heavily fruiting
individual trees or clusters of trees (up to 30 m¡2), this
Wxed density is high compared to natural seed densities
observed beyond tree crown perimeters. We chose this den-
sity for use at all mature “parent” trees selected for study
because seed production is unpredictable, being highly var-
iable within and among reproductive adults [>20–30 cm
diameter at breast height (DBH)] across years (Snook et al.
2005; Grogan and Galvão 2006a).
In mid August 2003, seven large fruiting Swietenia trees
that were at least 200-m upwind and 100-m downwind
from the nearest Swietenia adult were selected as sites for
seed plots. Nearest-neighbour distances among the seven
trees averaged 732 m (range: 250–1800 m). These trees
were a small subset of a much larger, comprehensive 3-year
Janzen–Connell experimental study (J. M. Norghauer et al.,
in preparation), and were selected to not only maximise
interspersion but also to span the natural variation seen in
both adult size and fruit crop at the study site (mean
DBH § 1 SD: 104.3 cm § 19.1 cm, range = 67.0–128.1 cm).
Freshly fallen Swietenia seeds were collected under a clus-
ter of three large fruiting trees not included in the study 1
Fig. 1 Photos showing: a intact, 
recently established Swietenia 
macrophylla seedling; b late-in-
star caterpillar (Steniscadia 
poliophaea, ca. 1.5–2.0 cm 
long) feeding on a newly 
germinating seedling; c recently 
established seedling that sur-
vived a caterpillar attack (note 
the characteristic webbing, frass, 
and residual damage on mature 
leaves); d late-instar caterpillar 
eating stem tissue on a 100% 
defoliated seedling. Photos 
by J. M. N. from the study 
site in Pará, Brazil123
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well mixed.
We established six 2-m £ 2-m plots per tree along a
100-m transect that ran downwind of each Swietenia tree.
Plots were located at 5, 15, 30, 50, 75 and 100 m from each
tree, though distances were occasionally adjusted to avoid
major canopy openings, and marked with 0.5-m-tall wire
stake Xags for relocation. In each plot 20 seeds were
dropped from a height of 0.5 m into an X-shaped array, cor-
responding to a density of 5 seeds m¡2. Average percent
canopy openness above the seed plots (n = 42), measured in
four cardinal directions per plot using a handheld spherical
densitometer, was 1.9% § 1.17 SD.
We gauged the pre-existing (or “background”) density of
natural seedfall by counting naturally dispersed seeds in
each experimental plot just prior to sowing. This likely
underestimated actual background seed densities at scales
larger than the 2-m £ 2-m plot because those eaten whole
by larger vertebrates would have been missed. Both intact
seeds and those predated by mammals and/or insects
(papery wing left or visible holes in the seed hull, respec-
tively) were counted. To prevent confusion with experi-
mental seeds we removed any naturally fallen seeds from
the plots and tossed them 1–2 m away in a haphazard direc-
tion. Over a 6-week period from mid October through late
November 2003, as detailed below, we scored plots for
seed predation, monitored them for seed germination and
seedling attack, and then measured the extent of herbivory
by S. poliophaea caterpillars.
Measuring seed predation
Small vertebrates prey on Swietenia macrophylla seeds in
the study region, either by removing the whole seed or
more often by partly consuming the propagule, leaving dis-
cernible teeth marks on the diaspore hull that once encased
the missing seed embryo (Grogan and Galvão 2006a;
Norghauer et al. 2006b). Insect attacks were identiWed by
tiny bored holes, and fungal pathogens by a softening of the
seed hull but no sign of animal attack. We considered seeds
whose hull or complete propagule was removed as eaten
(the latter rarely happened). While using seed removal as an
index of seed predation can lead to misleading results
(Vander Wall et al. 2005), hoarding of Swietenia seeds is
likely infrequent in the Pará region (Grogan 2001). We
used regression to model the eVect of distance from a
mature tree on the proportion of seeds predated per plot
(arcsine square root transformed).
Measuring seedling herbivory and recruitment
We measured missing leaf area to the nearest square milli-
metre in mid November on all nearly or fully expanded
green leaves using a transparent plastic grid gently overlaid
onto individual seedlings leaves (Coley 1983; Aide 1993).
We Wrst calculated an average percent damage per seedling
and then derived plot-level averages for statistical analyses,
as seedlings within plots could not be considered statisti-
cally independent (Quinn and Keough 2002). Percent leaf
herbivory and proportions of seedlings attacked and 100%
defoliated by S. poliophaea caterpillars were analysed
using regression models in which the mature Swietenia tree
was used as a random blocking factor. In subsequent mod-
els the blocking factor was removed because it was not
close to signiWcant. We checked for curve linearity in these
response variables (arcsine square root transformed) by
comparing least-squares linear and quadratic regressions.
Little evidence of curve linearity was detected for the propor-
tion of seedlings 100% defoliated (quadratic term F1,40 = 0.30,
P = 0.59), whereas it was almost signiWcant for percent
damage (quadratic term F1,40 = 2.52, P = 0.12) and propor-
tion of seedlings attacked (quadratic term F1,40 = 3.43,
P = 0.072), showing a concave downward relationship. All
regression models were weighted by the plot-level counts
of successful germinants. Finally, seedling recruitment was
expressed on a per plot basis by counting the number of
seedlings alive in May 2004, at the end of the Wrst wet
(growing) season, and then dividing by the number of: (1)
pre-herbivory germinants; and (2) initial seeds added (20
per plot, 840 seeds total). All response variables were arc-
sine square root transformed in the reported regression
models to stabilise variance and normalise residuals.
Separating distance from density eVects
Dispersal distance and seed density are often inversely cor-
related in tree populations and thus are practically indistin-
guishable (Janzen 1970; Clark and Clark 1985; Richards
1996). All plots, however, shared the same experimental
seed density. It remains unclear, then, whether distance
from a mature tree, plot seedling density per se, and/or
neighbourhood density was the main factor to which
S. poliophaea females were responding to, resulting in
more attacks and pervasive defoliation near Swietenia trees.
In three separate multiple linear regression models (using
type III sum of squares), distance to mature tree, plot
density of pre-herbivory germinants, and neighbourhood
density of natural seedfall (log-transformed) were used as
independent variables. The response variables were arcsine
square root transformed: (1) mean percent damage, (2)
proportion of seedlings attacked, and (3) proportion of
seedlings 100% defoliated by S. poliophaea caterpillars.
Tolerance values were used to check the degree of indepen-
dence between predictors. In all three models, the values
for each predictor ranged from 0.55 to 0.90 and were
judged acceptable (i.e. >0.10; Quinn and Keough 2002).123
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sion 8.2 (SAS Institute, Cary, N.C.). Other multiple regres-
sion assumptions were checked using graphics of residuals,
histograms, and quantile plots.
Results
Seed predation by small mammals did not appear to vary
according to distance from a mature Swietenia tree and was
highly variable across plots, ranging from 0 to 95%, but
least variable beneath tree crowns (Fig. 2a). Overall, less
than 1% of propagules were removed entirely (i.e. diaspore
including papery wing), with an additional 4.1% destroyed
by boring insects and pathogens (34 of 840 seeds). This
predation plus 14 cases of failed or aborted germination
reduced the density of pre-herbivory successful germinants,
on average, by one-quarter (from 20 seeds to 15.4 germinants,
n = 42 plots), resulting in a non-signiWcant decrease in ger-
minants with distance from a mature tree (Fig. 2b).
In stark contrast to seed predation, the proportion of
emerging seedlings attacked by the specialist herbivore, S.
poliophaea, peaked within 15 m of mature Swietenia trees,
but declined to near zero at 75-m and 100-m distances
(Fig. 3a). The average amount of leaf area lost to S. poliop-
haea caterpillars approached 60% within 15 m of trees, but
dropped to near zero at the furthest distances from a mature
tree (Fig. 3a). Cases of 100% herbivory (Fig. 3b) were
greatest within 15 m of trees, where nearly half of all exper-
imental seedlings were completely defoliated—and those
not eaten completely were left severely damaged. Less than
6% of seedlings had their leaves damaged by an insect
herbivore other than S. poliophaea and their percent
damage was unrelated to distance from a mature tree
(median = 10%; Kruskal–Wallis test, P = 0.75). The pro-
portion of Swietenia seeds alive as seedlings at the end of
the Wrst growing season (i.e. seedling recruitment in May
2004) increased signiWcantly with distance from a mature
tree, as predicted by the Janzen–Connell hypothesis
(Fig. 3b). Model Wts improved when a single plot at a dis-
tance of 100 m from a mature tree that had 100% mortality
was excluded from regression analyses (for germinants,
F1,39 = 33.1, r2 = 0.47, P < 0.0001; for seeds, F1,39 = 22.8,
r2 = 0.37, P < 0.0001). When data were analysed at the
scale of individual seedlings, the negative eVects of the cat-
erpillar were even starker. Only 3% of attacked seedlings
were alive in May 2004 whereas 43% that escaped attack
survived to the end of the wet season. Only 12% of seedlings
within 50 m of mature trees survived, whereas 35% sur-
vived beyond 50 m (2 test, 2 = 44.8, df = 1, P < 0.0001).
We used multiple regression analyses to compare the
explanatory powers of distance, plot seedling density, and
neighbourhood seedling density. Distance from a mature
Swietenia tree was the strongest predictor for the three
response variables: (1) percent damage, (2) proportion
escaping attack, and (3) proportion 100% defoliated by the
specialist herbivore [standard partial regression coeYcients
for distance, b(1) = ¡0.66; b(2) = + 0.75; b(3) = ¡0.72; for
each parameter, P < 0.0001]. By contrast, pre-herbivory
seedling density within plots (at a spatial scale of 4 m2)
was not a signiWcant predictor for any response variable
[standard partial regression coeYcients for seedling
density, b(1) = + 0.07, P = 0.41; b(2) = ¡0.13, P = 0.10;
b(3) = 0.02, P = 0.82]. However, the log neighbourhood
density of natural seedfall was a signiWcant predictor (positive)
of percent damage to Swietenia seedlings, but not a signiWcant
predictor of escape from attack or complete defoliation
of seedlings [standard partial regression coeYcients for
background seed density, b(1) = + 0.26, P = 0.018;
b(2) = ¡0.16, P = 0.091; b(3) = 0.17, P = 0.14]. Overall,
Fig. 2 Relationship between distance from a mature fruiting tree
(n = 7) and the post-dispersal fates of Swietenia macrophylla seeds at
the Pinkaití forest reserve in Pará, Brazil. a The proportion of seeds
predated by vertebrates (non-weighted linear regression, F1,41 = 0.98,
r2 = 0.024, P = 0.33). b The number of pre-herbivory seedlings (i.e. those
seeds that escaped predation and successfully germinated) per plot
(Kruskal–Wallis test, df = 5, 2 = 4.56, P = 0.47). Shown are means §
1 SE123
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three response variables [for (1) F1,40 = 34.6, R2 = 0.74; for (2)
F1,40 = 46.2, R2 = 0.79; and for (3) F1,40 = 29.5, R2 = 0.70].
Discussion
This experiment demonstrated for the Wrst time that a spe-
cialist caterpillar (Steniscadia poliophaea) can severely
defoliate new tree seedlings near conspeciWc mature trees
(Swietenia macrophylla) and that seedlings established fur-
ther downwind from adults (>50 m) experienced higher
recruitment at the end of the Wrst growing season. The key
factor explaining these results was severe damage induced
by S. poliophaea. This is consistent with Weld evidence
elsewhere that specialist herbivores can cause greater leaf
damage than generalists on young tropical saplings (Barone
1998). Damage to Swietenia seedlings from other insects
was negligible, suggesting its expanding leaves were either
toxic or unattractive to other invertebrates and vertebrates
(Mayhew and Newton 1998).
Ecological processes that drive young seedling mortality
can potentially have a major impact upon tree regeneration
patterns in tropical forests by inXuencing subsequent
juvenile and adult abundances and distributions (Clark
and Clark 1985; Harms et al. 2000; Bell et al. 2006), which
collectively can aVect community structure and species
composition. The Janzen–Connell hypothesis posits a
conspeciWc spacing mechanism driven by natural enemies
that hastens host mortality rates where tree densities are
greatest—typically near parent trees but also where trees
are clustered (Janzen 1970; Schupp 1992). However, for
the Janzen–Connell mechanism to encourage high species
diversity, four key conditions must apply: (1) these enemies
must be species-speciWc or facultative (sensu Janzen 1970);
(2) they must be common; (3) they must be not only dis-
tance and/or density responsive in their attack, but also
capable of reducing growth and/or survival rates; and (4)
the Wrst three conditions must hold for many tree species in
a forest. The present experiment is among the Wrst to satisfy
conditions (1), (2), and (3), albeit for a single tree species at
one forest site.
Although many studies have documented negative
eVects of insect herbivores on seedlings, surprisingly few
have done so in the context of the Janzen–Connell mecha-
nism in tropical forests (Clark and Clark 1985; Blundell
and Peart 1998; Massey et al. 2006). These found evidence
for species-speciWc increases in leaf damage with either
proximity to parent trees and/or immediate seedling den-
sity, but the insect herbivores implicated were not known,
nor was their degree of host specialisation. So few pub-
lished studies may truly reXect little investigation, but we
cannot discount the possibility that many non-signiWcant
results may have gone unpublished (i.e. the “Wle-drawer
eVect”). We believe, however, that seedling herbivory by
insects is less studied compared to vertebrate herbivory in
Janzen–Connell tests because the eVects of the former are
often cryptic and harder to quantify in tropical forests.
Whilst pathogen-induced mortality during seedling
establishment (i.e. die-back or damping oV) has received
support and recently regained attention (Augspurger 1984;
Bell et al. 2006; reviewed by Freckleton and Lewis 2006),
insects that eat germinating stem and leaf tissue in the
seed-to-seedling phase are a group of enemies either too
laborious or too ephemeral to properly study (Blundell and
Fig. 3 Relationship between distance from a mature fruiting tree
(n = 7) and herbivory of young Swietenia macrophylla seedlings at the
Pinkaití forest reserve in Pará, Brazil. a The amount of leaf area dam-
aged on Swietenia germinants (open circles), and the percentage of
seedlings escaping attack by Steniscadia poliophaea moth caterpil-
lars (closed circles) analysed using weighted linear regression
(F1,40 = 86.5, r2 = 0.69, P < 0.0001; F1,40 = 132.6, r2 = 0.77, P < 0.0001,
respectively). b The proportion of newly germinating Swietenia seed-
lings (triangles) 100% defoliated by Steniscadia, and seedling recruit-
ment, expressed both as the proportion of Swietenia seeds (open
circles) and germinants (closed circles) alive 8 months later. Variables
were analysed using weighted least regressions for defoliation
(F1,40 = 84.1, r2 = 0.68, P < 0.0001) and recruitment from germinants
(F1,40 = 26.2, r2 = 0.40, P < 0.0001) and non-weighted regression for
recruitment from seeds sown (F1,40 = 14.4, r2 = 0.27, P = 0.0005)123
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ing seed-to-seedling phase—less than 2–3 weeks for Swie-
tenia—coupled with a dearth of natural history knowledge
in the tropics, has made it more diYcult to detect the poten-
tial impact of larval Lepidoptera. Indeed, despite their ubiq-
uity and dominance, caterpillars are rarely mentioned as
either limiting establishment or shaping seedling distribu-
tions in natural forests, whereas their role as pests in tropi-
cal nurseries and of juveniles in plantations is well known,
especially for young Meliaceae trees (Nair 2007).
Our results support theoretical work suggesting that ver-
tebrates are unlikely to function as distance-responsive pre-
dators of tree seeds and seedlings (Nathan and Casagrandi
2004) but that specialised insects herbivores can (Muller-
Landau et al. 2003). Predation of Swietenia seeds did
not vary signiWcantly with distance from mature trees,
consistent with previous investigations (Grogan and Galvão
2006a; Norghauer et al. 2006b). The increase in seedling
recruitment at greater distances from mature Swietenia
trees was driven primarily by S. poliophaea herbivory.
Even partial damage to initial leaves can severely weaken
seedlings and increase their risk of mortality in the light-
limited understory, where lost tissue is not easily replaced
(Turner 2001; Kitajima 2003). In a Panamanian forest,
Clark and Clark (1985) observed that as little as 14% of lost
leaf area of initial leaves of Dipteryx panamensis decreased
seedling longevity. Decreased persistence in the shaded
understory for Swietenia seedlings will decrease their prob-
ability of being in or near a newly formed canopy gap—a
crucial event for successful recruitment to maturity by this
light-demanding species (Grogan et al. 2005). Our collec-
tive experience since 1995 indicates that the plant–caterpil-
lar interaction described here is an annual event and that
Steniscadia poliophaea’s impact on Swietenia regeneration
may continue beyond the Wrst growing season, on both
shaded seedlings but especially on vigorously growing seed-
lings and saplings near adults (Grogan 2001; Norghauer
et al. 2006a, 2008).
Although we present evidence for distance responsive
attacks and associated mortality from this caterpillar enemy,
we did not exclude the herbivore from seedlings in order to
conclusively demonstrate its impact on seedling mortality
and spatial distribution [condition (2) above]. Further
manipulation—ideally by removing caterpillars by hand to
avoid aVecting non-targeted plants, or by using insecticide
or mesh netting to protect seedlings—both near and far from
isolated Swietenia adults is needed to conWrm this interpreta-
tion of our results. Another caveat to our study is that fungal
pathogens, falling debris, and/or trampling by animals may
have increased mortality through the wet season months. For
example, one experimental plot at a distance of 100 m
lacked any seedling survivors, likely because of fungal-
induced mortality from rotting fruit seen within the plot.
How was Steniscadia poliophaea able to locate these small
seedlings within the narrow window of time associated with
widespread seed germination, if they did not originate from
Swietenia tree canopies? Because early instars of S. poliop-
haea larvae cannot chew mature leaves their Wtness greatly
depends upon speedy and eYcient host location and timing of
oviposition by females (Bernays 2001). They could do this by
searching for Swietenia seedlings among species-rich vegeta-
tion in the forest by Wrst using adult Swietenia trees as cues for
local host abundance, perhaps via adult-generated olfactory
plumes (Schoovern et al. 2005, p. 149), and then pursuing a
Wne-scale search in the vicinity of these adults. Our partial
regressions suggest this may have occurred, in that the density
of either background seeds or pre-herbivory germinants was
less important than distance to the seven Swietenia adults for
predicting herbivory on seedlings.
We anticipate that the spatially explicit seedling–herbi-
vore interaction observed here is not unique to Swietenia and
may apply to other tropical tree species. Young leaves of
tropical tree seedlings and saplings are loaded with anti-her-
bivore chemical defences and yet still incur high rates of leaf
damage irrespective of their successional status and/or shade
tolerance (Coley 1983; Coley and Barone 1996). This appar-
ent paradox—of highly toxic leaves being eaten to a greater
degree than less toxic but tougher mature leaves—suggests
that most consumers of young expanding tree foliage are
well adapted and specialised in their diet (Cates 1980;
Schoovern et al. 2005), with the prime candidates being
Lepidoptera larvae (Barone 1998; Kursar et al. 2006) which
are likely to be more specialised in the tropics than in tem-
perate zones (Coley and Barone 1996; Dyer et al. 2007). We
conclude that moth caterpillars may represent an underappre-
ciated Janzen–Connell vector in natural forests and thus
deserve further attention by ecologists and foresters alike.
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